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ABSTRACT
There has been an increase in environmental awareness since Costa Rica promised
to be carbon neutral by 2021. Governmental organizations such as a high school in Santa
Elena and Earth university have taken it upon themselves to fulfill this initiative through
the implementation of more environmentally conscious technologies, i.e. a biodigester at a

local high school in Santa Elena. The problem was that there was no sort of investigation
understanding how the community within the school and the town’s community would
react to this new addition. We were also asked to give information to the school so that
they may better understand how the biodigester will affect them and may track the progress
of their carbon neutrality. Free-listing, surveys, interviews, focus groups, and participant
observations were methods used in order to understand the school’s community and the
town’s community’s perceptions of animal waste water management. pH, BOD5, soil
nutrient tests, and total and volatile solids were used to analyze surrounding biodigesters
and provide suggestions to the school. The school’s surrounding water supply was also
analyzed in order to understand the environmental impact of the school before the
biodigester is implemented. We realized that the youth had been exposed to technologies
like biodigesters much more than older generations; but the older generations had much
more expertise in other forms of animal waste water management. Through the lab results
we understood that the school will experience environmental benefits from switching from
an anaerobic lagoon to a biodigester not in the increase of the cleaning of the waste but
mostly the methane collection; it will provide a source of saving while decreasing the
emissions of the greenhouse gas.

Key Words: Biodigesters, Monteverde, Tropical, Polyethylene Tubular Digesters,
Comparison, Perceptions, biogas, swine manure, cattle manure, anaerobic lagoon,

INTRODUCTION
“Untreated wastewater causes major damage to the environment and to human
health. Almost always, therefore, wastewater should be treated in order to: reduce the

Comentario [1]: key words must
be included

transmission of excreta-related diseases and reduce water pollution and the consequent
damage to aquatic biota” (Mara 2004). Costa Rica has set a goal to be carbon neutral by
2021. To meet this goal they have made regulations to limit the amounts of certain
substances in residual waters (See appendix, table 1 and 2). Along with these regulations,
in 2006 Costa Rica became a part of the Ecological Blue Flag program, a program
established in 48 countries, focusing on environmental conditions, from beaches and bodies
of water to governmental organizations (Bandera Azul Ecológica ). Organizations like
Earth University, an international private, nonprofit undergraduate university specializing
in the study of sustainable agriculture in Costa Rica, have spearheaded the campaign and
have set up their own programs which provide farmers with the resources needed to
become more carbon neutral. Aligned with these organizations, schools and other
governmental organizations have taken the carbon neutral promise into their own hands
through the management of animal waste water.Animal waste water includes water that
contains fecal material, urine, hair, feather, leftover animal feed and animal bedding.
Negative impacts to the environment and to human health include the degradation of water
quality, the contamination of potable water sources and the mismanagement of odour can
harm air quality.
Currently a local high school, that is in the process of installing a biodigester, uses
an anaerobic lagoon to treat the pig farm wastewater; they also have a grass strip to treat
the cow farm wastewater. To comply with the Blue Flag Program the school wants to better
treat their animal waste water and find a use for the escaping methane the has planned to do
this by implementing a biodigester for the influent of their pig and dairy farms.

OBJECTIVES

Through qualitative analysis we understood that to promote the high school’s goals
we should understand the perceptions of animal waste management among the youth and
adult populations of the Monteverde Zone and to look at the performance of existing
animal waste management systems in the Monteverde Zone. Based on these findings we
will provide a report of expectations and recommendations for the high school’s
biodigester.

METHODS
Anthropology
For our research we used several anthropological methods such as free listing,
random surveys, focus groups, participant observation, as well as formal and informal
interviews. The objective of free listing is that respondents will list their responses in order
of importance, allowing us to compare it to other respondents answers. Our sample size
included 26 respondents varying from employees in Santa Elena as well as the Monteverde
Institute, and students and farmers without biodigesters from the Monteverde area. Our
focus group consisted of 7 students currently attending a local high school, but who live in
the San Luis area. Our formal and informal interviews consisted of farmers with
biodigesters, as well as two workers from El Colegio Técnico Profesional Santa Elena. We
were able to conduct surveys, and practiced the anthropometric methods [see ] during El
Dia de Salud. Participant observation varied from cleaning the sedimentation tanks of two
farms to helping to clean out pig pens in the Colegio.

Engineering

Samples were collected from various farms in the San Luis area, as well as a local
high school. Influent, effluent and water samples were collected in plastic bottles and kept
in a small cooler during the sample collection for 2 hours to 4 hours. Soil samples were
collected in plastic bags and maintained at room temperature. The influent, effluent and
water samples were then refrigerated for a short amount of time, and all tests were done
within 6 hours of collection. Tests done include, BOD5, soil nutrients, pH, TS and VS. pH
strips for influent, effluent, and water source were dipped into recently mixed samples and
immediately compared to the color card provided. BOD5 was performed using standard
methods,5210B, using 300mL bottles and a [YSI 5908 Cap Membrane] probe (Greenberg,
1985). For Solids, total and volatile, the standard method 2540 was used using 16 mL of
sample (Greenberg, 1985). The soil nutrient composition, nitrogen, potassium, pH, and
phosphorus were tested using LaMotte Garden Guide: Soil Test Kit: pH, N, P, K: Code
5679-01/5934-01.

RESULTS & DISCUSSION
Interview Results
Our sample size for interviews was n=4, focusing on farmers with biodigesters. 3
out of 4 farmers interviewed received help from the University of Georgia EARTH
program; they were selected amongst 10 farmers in the San Luis area.
3 out of 4 of the farmers with biodigesters had to invest in pigs for the biodigester.
The respondents would also like to make some changes to the biodigester system after the
installation. For example, the majority of the farmers expressed that their pig pens were too
small for the amount of pigs they needed. One farmer expressed that his pigs pen was made

out of a type of ceramic that degraded and he wishes to change the material that it’s made
out of. Location was an issue conveyed by a farmer who’s biodigester was to close to his
home. Finding a more efficient way to use the effluent water was a concern expressed by
all of the farmers. Those who were using their effluent water indicated that the idea of a
hose was not as convenient as initially thought to be despite noticing a significant
difference in crop growth. Another farmer gave the idea of instead of using a hose from the
effluent tube to the crops, to make it more like a sprinkler system. Most farmers were
letting their effluent water sit or drain into the soil. If they did not have a hose to take their
effluent to their crops, their effluent sat in a puddle next to the biodigester.
We found that the farmers were using extra materials with pig waste. For 2 out of
the 4 farmers, chicken blood was used along with pig waste when they had chickens to kill
on their farm. They both agree that they noticed a rapid increase in gas production when
this method is applied (to the point where the bag overflows). In regards to animal waste
management, all considered biodigestion the best or one of the best methods of animal
waste water management. Biodigestion gives farmers gas for their houses which helps
financially, and it allows them to reduce pathogens in their waste water so it doesn’t affect
their neighbors or the environment. 3 out of 4 respondents mentioned that lack of animal
waste water management had negative consequences and it contaminates not only their
land but it travels to people around them.

Participant Observation with San Luis farmers
While conducting our participant observation we engaged in the cleaning of the pig
pens, which noticeably takes a bit of time. Most farmers wet the waste first before fully
cleaning it. Some solids, like pieces of scrap food leftovers, have to be manually taken out .

Some chose to clean the filter first and then wash the pen, some wait to clean the pen to
then clean out the filter. It’s a personal preference that does not have a direct impact on the
function of the biodigester. The waste taken out of the filter can also be used as concentrate
for the chickens and/or organic fertilizer.
With our participant observation, new problems came to light. As mentioned
previously, at one respondent’s farm, pigs tear away at the ceramic tiles in the pig pen
which causes that material to be washed away into the influent tubes, but it’s too fine to be
filtered out. When it gets to the biodigestor, it starts causes clumping of material which
inhibits methane production. If the pigs are receiving food scraps from restaurants, the
farmers have to check to see if any acidic foods are in the scraps because it will also inhibit
methane production. Which means, they have to manually check the food scraps every time
to make sure that no acidic foods get digested by the pigs.

Survey Results
Our surveys were done individually during El Dia De la Salud in San Luis. We
received 13 respondents, 10 out 13 of the respondents have some sort of animal residing in
their home or farm; only 3 had biodigesters. Out of those 3 with installed biodigesters, only
one was actually working. Of the two that aren’t working, one was ruined by a rat and the
other farmer has yet to buy pigs for his biodigestor despite having 10 chickens. This leads
us to believe that once the biodigester has suffered an injury of some sort, it becomes
difficult for the farmers to find the funds to fix it. There are currently no funds for farmers
whose biodigesters have broken.
In regards to animal waste management, the respondents that did not have animals
prior to the installation of the biodigestor did not practice any animal waste management

practices. Those who did, used the waste as organic fertilizer. This seemed to be the most
salient use of animal waste in the region. The waste from the biodigester (i.e effluent water
and material taken out of the filter) was mostly used as organic fertilizer as well.
The area this survey covered is small and very rural, many people know each other
and The University of Georgia is also very involved in environmental efforts. The
perceived effects of animal waste was almost all guided towards the notion that a lack of
animal waste management leads to negative effects on human health, with 12 out 13
respondents agreeing it could have a negative effect. One respondent said that even if it is
managed it brings mosquitos and bad odor. We asked what waste water treatment methods
the respondents were familiar with and charted their responses (refer to table 3).
Biodigestion was marked 8 times as a known treatment method. Drainage systems came in
second followed by sedimentation tanks. Anaerobic lagoons and bio-gardens were the least
known methods, respectively.
For the respondents that said they had a biodigester, some of the reasons behind the
decision to install one were to use the gas to make coffee, to use the gas in general such as
cooking or for electricity, for financial reasons, and for pathogen reduction. For the
respondents that did not have a biodigester the reasons behind their inability to invest in
one is cost and lack of pigs (which is another expense that ties this to the first point).
In regards to cost, those who do not have a biodigestor might spend more money on
propane tanks which on average need to be changed monthly. Those with biodigesters can
have their tank last up to 6 months, which helps financially. It depends on how much gas is
being produced with the biodigester as well. Some respondents with biodigesters were not
producing a lot of gas, therefore their tanks still needed to be replaced every 1 and a half

months.

Random sample survey results (n=26)
We organized an anonymous survey which we used in the Santa Elena region. The
survey consisted of very general questions to assess what the perceptions were of not only
biodigestion but also of animal waste management in general. We realized the majority of
the respondents did not immediately remember what a biodigester was. Once explained, the
majority expressed that they understood and recognized what we were talking about and
were able to accurately respond to the question. They also gave some responses as to why
they were not able to have one. Not having animals is a theme that continues to show up in
all of our methods and results. Farmers had to invest in animals prior to getting their
biodigesters, some still do not have working biodigesters due to a lack of animals, and this
same reason is listed by the locals of Santa Elena as to why they don’t have a biodigester.
Another theme that kept arising was the topic of “contamination”. The majority of
respondents said that contamination was an effect of the lack of animal waste management.
The word “contamination” was used repeatedly, yet was not defined to a specific kind of
contamination. When probed further, many of the responses included “filth” and referred to
something to being “dirty”. The word contamination” was also used to describe the effects
animal waste had on human health. Again, not meaning a specific illness but instead
encompassing an entire idea relating to whole well-being. The concept of bad odor being
an effect on the environment as well as human health was prevalent during this survey.
Many participants labeled bad odor as an effect on human health, mentioning that we could
inhale that bad odor and get sick from it.

San Luis teens focus group results
This final method was applied to San Luis teens who attended the high school. We
asked a series of question based on background knowledge of the school as well as
questions that we had been asking the general population. The students were very well
informed on the topic of biodigestion and animal waste management. The first waste water
treatment method they listed was a biodigester and they were aware of how it worked.
They were also aware of the University of Georgia’s work in the area. When asked what a
clean environment meant to them, some of the respondes included no odor, for things to be
in order, and for there to be trees. The concept of what a clean environment means is
different in specific areas and amongst age groups. We see that in this area, the responses
were very much the same in all of the different areas we visited and also amongst different
ages. When speaking to adults, their responses to this question were almost identical.
A second theme evident in our analysis of this focus group is technology. All of the
students responded that technology has negative impacts on the environment. They spoke
mainly of electronics and how they are never recycled which has consequences for the
environment. They did not mention animal waste management as being a kind of
technology.
When asked about the anaerobic lagoon that is currently a waste water treatment
method at their school, they responded negatively about it. Their responses included that
putting pig excrements in the lagoon is not good for the animals residing in there, and that
it smells and looks bad. All said that they think that the lagoon will be closed down and put
into tanks and that a recreational area would be created in its place. Opinions about
anaerobic lagoons varied throughout the area, but most people said that it wasn’t too much

of a popular method. Though a lagoon is an animal waste water treatment method, the area
and place needs to be considered. The lagoon is located very closely to the classrooms and
basketball/soccer court. Implementing this specific method at a school is seemingly not the
most appropriate according to the results from this focus group.

Lab Results & Discussion
We tested the pH levels of influent and effluent samples taken from each farm
visited (n=4). The samples were taken to verify if the influent samples were in the desired
range (6.0 - 8.0) for optimum biogas production and to see the change in pH from influent
to effluent. Farmer 1 had an influent pH of 7.0 and an effluent pH of 7.5. Farmer 2 had an
influent pH of 8.5 and an effluent pH of 8.0. Farmer 3 had an acidic pH of 5.0 for the
influent due to the acidic composition of the food fed to the livestock and an effluent pH of
7.5. Because of this, the biogas production is typically low for the number of pigs on this
farm (n=11); because the acidic compounds are killing the bacteria needed to break down
the waste in order to produce the biogas. (see figure 4) Farmer 4 had an influent pH of 7.0
and an effluent pH of 8.0.
The BOD5 of influent from farmer 1 was 6030 mg/L and the effluent was 633
mg/L, there was an 89.5% reduction in BOD5 levels. The high levels in BOD5 may be due
to possible soil contamination from a crash in the biodigester. Farmer 2’s influent BOD5
levels for influent and effluent were 6490 mg/L and 294 mg/L respectively, the percent
reduction in BOD5 levels was 95.47%. Farmer 3’s BOD5 levels for influent and effluent
were 3940 mg/L and 209 mg/L. The BOD5 percent reduction was 94.7%. Farmer 4’s
BOD5 levels for influent and effluent were 4040 mg/L and 231 mg/L. The percent
reduction in BOD5 was 94.28%. (see figure 5 and 6) After calculating BOD levels, we

discovered that all of the farms exceed the limit regulation for BOD. Animal waste water
management regulations in Costa Rica limit the BOD levels of animal waste water that
farms can discharge into residual waters to 200 mg/L (see figure 1). These values are
expected because a biodigester will not reduce all of the organic matter in the waste water,
however we noticed an average of 93.49% reduction in BOD levels from influent to
effluent.
Animal waste water management regulations in Costa Rica limit the VS levels of
animal waste water that farms can discharge into residual waters to 0.2 g/L. After
calculating the VS for the influent and effluent of each farm we found that all of the farms
exceed the limit regulation for VS in residual waters. These values are expected because a
biodigester won’t reduce all organic matter in the waste water, however we noticed an
average of 88.72% reduction in VS levels. Fortunately the farms have filtration systems,
which includes gardens of food that you don’t eat raw and grass to feed the livestock, the
waste water hardly -- if at all -- makes it to any residual waters. (see figures 7 and 8)
We looked at the relationships between the number of animals, the loading rate
which is how much waste water is going into the biodigester, the amount of biogas that
should be produced, and the amount of biogas used. We did calculations for three out of
four farms, because farmer one was having some biodigester malfunctions. The loading
rate and gas production were calculated for the day the samples were collected, while the
biogas is what the farmers report using on average. The loading rate for farmer two, having
four pigs, was 1.8502 (gVS/L*day). The loading rate for farmer three, having eleven pigs,
was 0.5468 (gVS/L*day). And the loading rate for farmer four, having four pigs and twelve
cows, was 0.5699 (gVS/L*day). (see figure 9) The approximate biogas usage for farmer

two is 33.6 hrs/gal, for farmer three it’s 28.8 hrs/gal, and for farmer four it’s 7 hrs/day. In
accordance with the calculated BOD levels, farmer two had the highest gas production.
Although farmer three had the highest calculated biogas production he didn’t have the
highest biogas usage. This is due to the acidic nature of the influent. Farmer four produces
more biogas than is actually used. Also the cow influent is only mixed in every other day.
There are several factors that can affect biogas production. For example: the quality of the
influent i.e. pH and BOD, the animal waste to water ratio of the influent, and how the
bacteria react in the biodigester.
We gathered and analyzed soil samples in order to gain a better understanding of
how biodigesters in the Monteverde Region affect the soil quality. The pH levels of the
fertilized soil, from effluent, and unfertilized soil were neutral. This could mean that the
soil’s pH isn’t largely affected by the effluent. The varying values of phosphorous and
nitrogen in fertilized and unfertilized soil proved to be inconclusive. This could have been
due to the different sample collection sites. The high levels of Potassium in the fertilized
soil compared to the unfertilized soil suggest that biodigestion causes soil potassium levels
to increase.(see figures 10 and 11)

LIMITATIONS
Airport security in Tampa took the luggage that some of our lab equipment was in.
Therefore, we could not perform all of the tests necessary to get a better idea of the animal
waste water system performance in the farms or the school. Due to the missing bag, we
could not test for turbidity, ammonia, total Kjeldahl nitrogen, phosphates, potassium, and
total phosphorous in the effluent nor test for E.Coli in the presence absence test. Apart from

this particular setback, time was also an issue prohibiting us from further examining results
we found and from visiting locations more than one time.
The final limitation was the language barrier. Some of us could not speak Spanish, making
it difficult to understand the respondents and information provided. Even the students that
could speak and understand Spanish faced some difficulties in terms of language. For
example, dialects vary between spanish countries, making it difficult to for interviewees
and interviewers to understand each other. From time to time concepts would get lost in
translation to English as well. Apart from all of these limitations presented to us, we were
able to formulate conclusions and recommendations based off of the information given to
us.

CONCLUSION
The large influent of tourism in the Santa Elena area has globalized with the large
influent of tourism as the rural community in Monteverde has become more unified, and
conscious of their own health. Institutions such as a local colegio have taken the initiative
to take responsibility of the community’s health through addressing environmental
concerns. Wastewater management has been recognized by the Colegio as a stepping stone
to lessen the environmental impact on carbon neutrality. In order to better understand how
the biodigesters will influence the Monteverde community and the Colegio we had to
understand the community’s perceptions of biodigesters. Comparisons between the youth
and adult populations on animal wastewater showed that youth are more familiar with
current methods of wastewater management and how they work. In the Santa Elena region
young people learn about waste water management from an early age. Half of the adult
farmers thought their waste stays on their farm, half thought that their waste affects their

neighbors and that it’s their responsibility to protect their neighbor. Adults in San Luis
believe animal waste management to be commonplace in the form of land application. For
the young people, it wasn’t the most appealing thing, but they were interested about
learning about the biodigesters.
We have learned that biodigesters are not primarily thought of as the main way to
manage waste, and in some areas wastewater management isn’t heard of. When
biodigesters are used they provide one of the best methods to treat water, and could prove
to be very useful in reducing the environmental impact of small scale farms. Polyethylene
tubular biodigesters provide a more environmentally friendly option than other waste
management practices. We saw an average volatile solids reduction of 88.72% and a BOD5
reduction of 93.49% among the farms, which did not comply with legal levels. However,
biodigestion still provides a high and efficient contaminant removal. The performance of
current animal waste water management systems in the Monteverde Zone have allowed us
to form expectations and recommendations for a local high school in the area.

APPENDIX
Anthropology
1. Free listing- a method in which respondents are asked to answer a question, by making a
list of a few answers in hope to see which answer is of most importance by it being listed in
the beginning at the list, and then compare and contrast answers from other lists.
2. Participant observation- a method used where investigators can participate and observe a
culture or activity in order to gain a better understanding.
3. Anthropometry- As the CDC states, Anthropometry is the science that defines physical
measures of a person’s size, form, and functional capacities.
4. El Dia de Salud- a yearly event, hosted by the field school, held at the San Luis
community center where community members get together, have anthropometric
measurements taken, learn about their health and are taught about good health practices.

CHARTS & GRAPHS
Figure 1. Animal waste water regulations in Costa Rica.

Figure 2. Additional parameters for wastewater analysis special type

Figure 3. Uses of animal waste perceptions.

INSTRUMENTS
Instrument 1.
Questions asked during el Dia de la Salud
1. How many people live in your home or on your land?

2. Do you have animals on your farm? Usted tiene animales en su finca?
a. If so, what kind of animals do you have? Si si, que tipo de animales tienes?
i.
ii.
Vacas
Chanchos
Cabaras
Gallinas

Otro

iii.

Hay algún animal embarazada o que está en periodo de lactancia?

Vacas
Chanchos
Cabaras
Gallinas
Otro

b. How many of each animal do you have? Que cantidad de cada animal
tiene?
i.
Vacas
Chanchos
Cabaras
Gallinas
Otro

c. Do you have a consistent number of animals year round, or do these
numbers fluctuate? Estos números cambian o tienes la misma cantidad todo
el año?

d. How are the animals arranged?
i.

Free ranging during the day then pinned at night?

ii.

free during half the year then penned half the year?

iii.

Penned all year?

iv.

Free ranging all the time?

2. What are the effects of animal waste in the environment? Cuales efectos tiene la
falta de manejo de aguas de los desechos de animales para el ambiente?

a. On human health? y en la salud humana?

3. How do you manage animal waste in your farm?Cómo maneja usted los desechos
de animales en su finca?

a. Have you noticed any issues with the methods you use? Hay limitaciones
con los métodos que Usted usa?

b. Have you noticed any benefits with the methods you use? Hay beneficios
con los métodos que Usted usa?

4. Are you familiar with any other animal waste water management practices?
Conoces otros métodos del manejo de desechos de animales?

5. Tell us what you know about biodigesters… Que conoce Usted de biodigestores?

6. Have you considered investing in a biodigester? Has considerado invertir en un
biodigestor?
a. Why or why not?

7. How many hours a day do you spend cooking?Cuántass horas al dia cocinas?

a. How often do you change your propane tank? ¿Cada cuánto cambian el
cilindro de gas de propano que utiliza su casa?

b. What size is your tank?De que es el tamaño de su cilindro?

c. How much do you spend on your tank?

IF THEY HAVE BIODIGESTERS BUT THEY ARE NOT WORKING:

1. Why is your biodigestor not working?

2. Are you still interested in making it work? Why haven’t you repaired it?

3. When it was working, how much gas did it produce?

4. What waste treatment practices are you using currently?

Random Sample Questions
1. Usted vive en una finca?
a. Si

No

b. Si, si que cantidad de animales tiene?
i.
Vacas
Chanchos
Gallinas/pollos
Cabras
Otros?

2. Cuántas personas viven en su hogar or tierra?
________________
3. Tienes un Biodigestor?
a. Si

No

b. Si no, explique porque no.
_____________________________________________
4. Que métodos conoce Usted para el manejo de aguas de los desechos de animales?

5. Que efectos tiene tiene la falta de manejo de aguas de los desechos de animales para
el ambiente?

a. Para la salud humana?

6. Cuántas horas al dia concinas? _________

a. Cada cuánto cambian el cilindro de gas de propano que utiliza su casa?

b. De que es el tamaño de su cilindro?

c. Cuanto gastas en el cilindro de gas de propano?

Instrument 2. Questions & Answers- San Luis Focus Group
1. What does a clean environment mean to you?
a. B: no trash, for there to be order
b. F: no odor
c. A: for things to be in order
d. F:for everything to be in its place

e. C: alot of trees
f. E: for the house to be organized/for there to be trees outside and no
trash outside
g. They all said it means a clean house
2.

How does technology affect the environment?
a. B: Cars pollute
b. F: batteries get thrown away
c. C: every time there is new technology the old one gets thrown away
and they aren’t recyclable

3. What do you do with this non recyclable technology?
a. They all stow away their old technology like computers
4. What are the uses of animal waste? (these answers were read back, like if
the kids had learned this at school)
a. Abono: organic fertilizer for coffee plants
b. Gas
c. Biodigesters
d. Gardens which have spices and fruits
5. How does the absence of waste water management practices affect human
health?
a. A:
b. E: the factory creates an odour
c. B: river contamination
d. F: abono for the grass

6. What are some waste water management practices which you know?
a. B:biodigester
i.

they get the pig/cow excrement, put it into an airtight bag
which creates biogas

b. C: abono
c. F: chicken poop used as abono
i.

also feed cows with it

d. A: Earth University made biodigester at a hotel
e. they said that waste from animals is used to feed other animals
7. Benefits of biodigester
a. B: you don’t have to buy gas (saves money)
b. C: treats the waste and removes contaminants
i.

E:saves money on fertilizer and creates food

c. Everyone said that it creates an organic fertilizer
d. A: Gas makes no polluting smoke
8. When do you change your propane tank?
a. B: every month/every other month
b. E: every month and a little bit
9. What are the benefits of biodigesters?
a. B: they use the biogas to toast the coffee
b. F: sometimes they also use it to cook
i.

they usually use propane

c. B: odor control

d. E: it removes pathogens so that sick animals don’t get people
sick/other animals
e. G: made for gas to use with animals (im not sure what this is?)
10. Amigos del Ambiente
a. Has different categories:
i.

Rivers

ii.

Temp: B

iii.

Birds

iv.

Frogs

v.

Motion Cameras

b. Their purpose is to:
i.

E: conserve the fauna, ecological tourism, and conserve the
fauna

ii.

B: wants to be in the ecological tourism program

iii.

D: Rural program in school is mostly about hotels

11. Could you tell us about the anaerobic lagoon at the school?
a. B: Pig excrement goes into it, there are ducks
b. A: there are turtles, two turtles
12. How do you feel about the lagoon?
a. B:it is not a good idea to put pig excrement in the lagoon because
there are animals in there
b. F: there is odor, and it looks bad
13. What do you think will happen to the lagoon once the biodigester is built

a. G: they think they will close down the lagoon and put it into tanks
14. When asked what they would like in place of the lagoon
a. They all said they would like a pool or a recreational area.
15. Why does the school want to use a biodigester?
a. D: wants to use the pig waste
b. B: wants to use energy for the milk to make cheese
c. A: the already have animals, it is best to use them to their greatest
extent
d. F: it cost money to maintain animals which is why people don’t have
them
e. E: to make the school more sustainable
i.

[what does sustainable mean?] a balance between the
economic value and the environmental sustainability

f. B: If there wasn’t a biodigester the waste would just be thrown out
16. What happens to the effluent of the lagoon?
a. B: When it rains a lot the lagoon overflows and it is filtered by the
soil
17. Overall sentiments:
a. [They either have only cows, or no animals]
b. [They would like to work with the environment, not stay in San Luis
and not work with cattle]
c. [They are interested in biodigesters]

18. Would you be interested in working with the biodigester being constructed
at the school?
a. B: even with odor she would work with it if there are real benefits
b. F & E: everyone would work with it, their only reservation is the
smell
19. What is the best way to reach the teens?
a. brochures which are read daily by the teachers
b. a group coming in and explaining to the students what is going on
c. to allow the students to see interactive biodigesters
20. The environmental group:
a. They have no plans to change the lagoon, or the get involved in the
digester.

ENGINEERING
1. Laboratory methods
a. Sample collection
i.

Samples were collected from various farms in the San Luis area, as
well as the Colegio Tecnico Profesional de Santa Elena. They were
kept in a small cooler during the sample collection, which couldve
been anywhere from 2 hours to 4 hours. The samples were then
refrigerated for a short amount of time, and all tests were done
within 6 hours of collection.

b. All equipment was sterilized by boiling for 10 minutes

c. pH for influents/effluent/water sources
i.

pH Strips were dipped into recently mixed samples, and were
immediately compared to the color card provided

d. BOD5
i.

“The method consists of placing a single sample dilution in full,
airtight bottles and incubating under specified conditions for an
extended period depending on wastewater, effluent, river or estuary
quality. Dissolved (DO) is measured (with probes) initially and
intermittently during the test.” (Greenberg, 1985)

ii.

300mL bottles

iii.

YSI 5908 Cap Membrane Probe which was calibrated before each
batch.

iv.

Samples were manually shaken while probing occurred then watersealed, sealed with parafilm and maintained in a large cloth
container and maintained at room temperature for five days.

e. Solids: total and volatile
i.

1g tin plates were weighed. Then 16mL of the sample were place on
the plates and weighed. They were left overnight in the incubator at
35C. Then to cool down they were placed in a desiccator for 15
minutes and weighed. The plates were placed in an incinerator at
550C for an hour. Again they were placed in the desiccator for 15
minutes to cool down and weighed.

f. Soil Nutrients

i.

The Soil nutrient composition, i.e. nitrogen, potassium, were tested
usng LaMotte Garden Guide: Soil Test Kit: pH, N, P, K: Code 567901/5934-01
1. Test tubes are 8mL with plastic caps

ii.

pH
1. Add 4mL of pH indicator to test tube
2. Add 1.5 g of soil sample
3. Cap and mix gently for one minute
4. Allow tube to stand for 10 minutes
5. Match pH color reaction to pH color chart

iii.

Phosphorous Test
1. Add 6mL of Phosphorous Extracting Solution to test tube
2. Add 1.5g of soil sample
3. Cap and mix gently for one minute
4. Remove cap and allow to stand until the liquid above the soil
is clear
5. Transfer the liquid to a new test tube
6. Add 6 drops of Phosphorous Indicator Reagent
7. Cap and Mix
8. Add one Phosphorous Test Tablet
9. Cap and mix until the tablet dissolves
10. Match color reaction with Phosphorous Color Chart

iv.

Nitrogen Test

1. Fill 7mL of Nitrogen Extracting Solution to test tube
2. Add 1g of soil sample
3. Cap and mix for one minute
4. Remove cap and allow soil to settle
5. Transfer liquid to second test tube
6. Add .5 g of Nitrogen Indicator Powder
7. Cap and gently mix. Wait for 5 minutes until pink color
develops.
8. Match test color with Nitrogen Color Chart
v.

Potassium Test
1. Add 7mL of Potassium Extracting Solution to test tube
2. Add 2g of soil sample
3. Cap and shake vigorously for one minute
4. Remove cap and allow soil to settle
5. Transfer liquid to a second test tube
6. Add one Potassium Indicator Tablet
7. Cap and mix until tablet dissolves
8. Add Potassium Test Solution, two drops at a time, until
solution becomes blue. Take note of drops and compare to
given chart.

CHARTS & GRAPHS
Figure 4. pH values of influent and effluent samples from four farms.

Figure 5. BOD5 values of influent and effluent samples from four farms.

Figure 6. Percent reduction of BOD5 from influent and effluent samples from four farms.

Figure 7. VS values of influent and effluent samples from four farms.

Figure 8. Percent reduction of VS from influent and effluent samples from four farms.

Figure 9. Biogas Production
Number of

Loading Rate

Gas Produced

Animals

(g VS/L*day)

(m3CH4 /gVS)

Biogas Use

Farmer 2

4 pigs

1.8502

1.2972 x 10-3

33.6 hrs/gal

Farmer 3

11 pigs

0.5468

4.389 x 10-3

28.8 hrs/gal

Farmer 4

4 pigs, 12 cows

0.5699

4.2113 x 10-3

7 hrs/day

Figure 10. Soil nutrients for fertilized soil from effluent.

pH

Phosphorus

Nitrogen

Potassium

Farmer 2

6

low

trace

medium

Farmer 3

7

trace

trace

medium-high

Farmer 4

6

high

high

medium

pH

Phosphorus

Nitrogen

Potassium

Farmer 2

7

medium

high

low

Farmer 3

7

trace

trace

low

Farmer 4

6

trace

trace

low

Figure 11. Soil nutrients for unfertilized soil.
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